Introduction
There exist many investigations of wind effects on water levels in enclosed basins. For instance, the steady state response of a homogeneous rectangular lake to a uniform steady wind has been treated in [3] , [ 4 ] , [6] , [9] , 1102, L111. For constant surface wind stress t g , the surface slope of the water is given by A t y p i c a l a n a l y t i c a l solution for response of the surface of an elongated lake to uniformly oscillating wind stress in the absence of f r i c t i o n a l effects i s given by Haurwitz [ 2 ] . The steady-state response of a rectangular basin to the surface wind stress where 3 = rmVgH/L . This formula involves considerable computational effort when i t i s required to find the lake level at any given position as a function of time. A similar result to (1.5) was obtained by Saito [8] but h i s work, printed in Japanese, has been overlooked by most western workers. As an alternative, a much simpler expression for C,(x, t) from which one may immediately deduce most features evident in water level data, i s derived in Section 3.
A second model, considered in Section 4, assumes that the lake may have gradually varying cross-sections. This model uses the mean depth h(x) and area of cross-section A(x) , considered as functions of distance x directed from one end of the lake along i t s longitudinal axis, and is solved by a special finite difference scheme. Criteria for the numerical stability of this scheme are also derived.
Hydrodynamic equations for an elongated lake
The linearised equations of motion and continuity for flow in a channel of gradually'varying cross-section are, in the absence of frictional damping,
x is the coordinate along the lake, Q{x, t) the volume transport through a vertical section, t,(x, t) the mean level across the section relative to the undisturbed level,
the width of the surface of the section, h(x) the mean depth across the section, and T(X, t) is the longitudinal wind stress.
(See, for example, [2] .) 
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ith o = gH and boundary conditions
The general solution of (3.1),
gives with (3-2),
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Thus, finally, one arrives at the solution of the problem which displays several interesting features.
(1) Resonance occurs for (see [7] ) with nodes in the middle of the lake and out-of-phase antinodes 0) = This explains the nature of the results obtained during experiments involving wat^er level measurements in lakes; levels at opposite ends move out of phase with practically no movement of water levels at field stations near the middle.
(2) At any instant, the surface is sinusoidal in shape. For instance, at t = 0 , we obtain (3) Hie wind effect increases with decreasing depth. For example, at
which increases as a --/gE decreases. One would therefore expect Australia's lakes, a l l of which are very shallow, to show marked wind effects. U-ft , ( 5) The response function T (u) at x is given by s i n { -
the gain by Figure 1 . Theoretical response function of wind stress to water level, using constant depth rectangular basin approximation for a lake with B = 1.3m , L = 50km , x = O.75£ , and using actual areas and mean depths of cross sections for a real lake with the same length and mean depth. Figure 1 shows the theoretical response function for a rectangular lake of constant depth H = 1.3m and length L = 50km , the water-level being considered three-quarters the way along the lake, namely at x = 0.75-k • The f i r s t resonance frequency of this mathematical model is approximately 3 cycles/day, corresponding to a period of 8 hours. The next resonance period is 2.7 hours. In Figure 1 the magnitude of the gain is indicated by a solid line when the water-level oscillation is in phase with the wind-stress oscillation, for example, in the range 0-3 cycles/day, and by a dashed line when these quantities are out of phase, for example between 3 and 9 cycles/day.
Numerical solution for the case of gradually varying cross-sections
The derivatives -r-and -jz in (2.U) and (2.5) may be replaced by centred finite differences and X, and Q evaluated at alternate sections Given T Q and u , the evaluation of Q and Using the values of C at the gridpoint corresponding to a; = 0.75-k the response function for wind stress to water level was calculated for a real lake of the same average dimensions considered in Section 3 ( Figure   l ) . This more complicated model increased the number of resonance frequencies in the range 0-12 cycles/day from two to four. The first resonance frequency occurs now at 3 cycles/day (8 hours period), the second near 7 cycles/day (about 3-5 hours period), with further harmonics at 9 cycles/day (2.7 hours period) and 11 cycles/day (2.2 hours period), and so on, the phase either being zero or IT .
Conclusion
The response to unsteady wind stresses of the constant depth lake in the absence of frictional dissipation has been found in an analytic form involving only trigonometrical functions. This result is clearly better than the ones previously found in terms of infinite series; many of the observed properties of movements of water levels in lakes are immediately evident from this analytic solution. Extending the model to include a slowly varying cross-section indicates, to some degree, the manner in which variations in depth and breadth may alter this transfer function.
A common feature of the response functions computed using these two models is the general fall in gain as the frequency increases, except at The results for the lake response indicate that the hydrodynamic model chosen may be deficient in some respects. At resonance frequencies, the gain is unbounded and the phase restricted to 0 or I , features which are typical of mathematical models of dynamical systems in which frictional damping is ignored (see [5] , p. 13^). Inclusion of a frictional damping term in equation (2.1) should lead to more realistic theoretical results;
one would expect the discontinuity in the gain to become a peak and the phase to vary over a whole cycle.
